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Rodie Diagnostics GsibH 21518 EP 

Method for aie detecH ™ ofpfltK ogeaaic Gram positive Bacteria 

The mvieEiticni relates to the technical fidd of detectii^ pathogenic niicrobial organisms. 
More specifically, the Invention relates to the fidd of detecting an infection caused Ivy a 
padiogenic Gram pdsitivebacteiium in a dinical qpecixnen by means of amplifying and 
detecdng spedfic nudelc add sequences firom said pathogenic Oram positive bacterinm. 

5 

Prior art bad^otmd 

Infection by patiic^enic bacteridf paxticnlBr if canaing sqpsisy is predominaxitiy oqcurring 
and serious in intensEve care units (ICU) of hospitals. The bacterium infecting the 
patient is in most cases unbiotim and cannot be deteiniined fom tiie s 
bacterium requires a dilGferent therapy using administration of a spedfic antibiotic. 

10 Presently, in routine diagnostics patiiogenlc bacteria, particularly Gram podtive 

bacteria, are detected udng a method induding subjecting a sample of blood or other 
body fluid to culture to grow the bacteria, if present. This culture is maintained at 
conditions fevering bacterial grovrlh for about three days. During this time, the ninnber 
of bactecia and tiius their nudeic adds is increased. Thereafter, the culture medium is 

15 subjected to lyds. Thelysis mistnre is used as the sample fin: hybridization reaction. Tbe 
overan method takes arotmd four days niininnuiunt^ on any infection of the 
sample by pathogenic bacteria is reached Infection by pathogenic bacter&i is very 
serious for the infected person, ^thin the first day of infection a tbecapy, preferably by 
administration of an antibiotic suitable to affect the particular infecting bacterium has to 

20 be started. Otlierwise^ the person is too heavily affected by ti^ infection and may die 
before darity on the infection is readied. On the other iide^ administration of several 
antibiotics simultaneously to prevent grow of all possible bacteria has to be avoided to 
notuveakm the patient. The present methods thus are not satisfectory for routine ICU 
diagnostics. 

25 Identification of pathogenic organisms such as pathogenic bacteria or fimgi by means of 
nuddc add based hybridization udng spedfic hybridization probes has been knovm in 
ihie art already for a long time. For example EP 0 131 052 diadoses methods and probes 
wherein ribosomal ribonudeic add (rBNA) sequences of a certain spedes or a certain 
group of o^anisnos are detected directly fiom culture media. Detection of ribosomal 
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target sequences is espedally useful due to the &ct that these sequences are amplified in- 
-vivOs resulting in high sen^tivity of the respective assay. 

An improvement of nud^ acid sequence based detection of pathogenic organisms was 
achierod upon availsbiKty of the FO^ technology; For the'detection of pathogmic fungi 
5 such as C^dida and Aspergillus, for egcample, WO 97/07238 disdoses a mediod using 
generic primers for amplifyir^ all types of fui^ nbosomal 185 rDNA sequences and 
sobsequentiyhybxididng^ivith iungl qiedes spedfic prob^^ 

As an alternative to the analysis of nbosomal gene sequences, non-coding but 
transcribed xibosomal spacer DNA sequences like the ITS-l region located between the 
10 16S and the 23S rRNA genes have been used for detection and identication of several 
pathogenic organisms (see, for example, BP 0 452 596). 

In another contob the group3 of Gram positive and Gram native bacteria have been 
cUscximinated by means of a target-dependent amplification conq»arable to au allele 
specific amplification approadi (Klausegger ^ aL, Journal of Qinical Microbiology 33 

15 (1990) 464-466), On the basis of thdr 16S r-DNA sequences, the spedes investigated by 
Klausegger et al. differ at a given position of the 165 rKNA gene in that all investigated 
Gram negative bacteria contain a &-residue at a certain nudeotide position whereas aQ 
investigated Gram positive bacteria always contain a C-residue at said nudeotide 
position* Consequently, usage of appropriate primers having eitiier a discriminating 

20 complementary 3 -temiinal C-ze^due or a complementary G-reddu^ respectively, 

results in DNA anqpUfication of dther Gram positive or Gram negative sequence ori^ 

Further progress was made upon availability of kinetic Real Time FOR. In this type of 
assay* formation of PCR products is monitored in each cyde of the PGR, The 
amplification is usually measured in thermocyders having additional detection means 

25 for monitoring fluorescence signals during the amplification reaction. A typical exaixiple 
is Rodie Diagnostics LightCyder™ (Cat No. 2 0110468), In tightCyder™ as wdl as in 
other Real Time PCR instruments commercially available so fiur, amplification products 
are detected by means of fluorescentiy labded hybridization probes whidi only emit 
fluorescence s^ab when they are bound to the target nuddc add or in certain cases 

30 also by means of fluorescent dyes that bind 1x> double-stranded DNA. A defined signal 
fhxeshold is decermined for all reactions to be analyzed and the number of cydes (Cp) 
required to readi this threshold value is determined for the target nudeic add as wdl as 
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for the rcGarence nudeic adds sudi as a standard or housekeeping gene. The absolute or 
relative copy aumbers of the ta^et molecule can be detennined on the basis of the Cp 
values obtained fer the target nudeic add and the reference nuddc add (Rodie 
Diagnostics lightCydec™ operator maiMial(Cat No. 2 0110468)). 

5 There exist diflbrmt formats for the detection of amplified DNA: 

a) DNiV binding dye format 

Since the amount of double stranded amplification product usoaUy exceeds the amount 
of nudLdc add originally present in the sample to be analyzed, double-stranded DNA^ 
specific dyes may be used, which upon exdtation wth an appropriate wavdw^glih show 
10 enhanced fluorescence only if they are bound to double-strandied DNA. Such method is 
described in EP 0 512 334, Preferably, only Hiose dyes are used, like for example SYBR® 
Green I> vdiidi do not afiect the efficiency of the PGR reaction. 

All other formats loiown in the art require the ap p r op riat e design of a fluorescently 
labeled hybridiasation probe vdiidi only emits fluor^eence upon bindii^ to its target 
15 nuddc add. 

b) TaqMan^ probes 

A sinifie-^tranded hybridization probe is labeled with two components. When the first 
romponent;, the so-called fluorescer, is Gcdted with light of a suitable wavelength, &e 
absorbed energy is transferred to the second component^ the so-called quendier, 
20 according to the principle of fluorescence resonance energy transfer. Dioing the 

annealing step of &e PGR reaction, the hybridization probe binds to the target DNA and 
is degraded by the 

S'-S'^-exonndease activity of the polymerase, tor example Taq Polymerase, during the 
elongation phase. As a result the exdted fluorescent component and the quencher are 
25 spatially s^arated from one another and thus a fluorescence emission of the first 
component can be measured (EF B 0 543 942 and US 5,210,015). 
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c) Molecular Beacons 

These hybridization pjobes are also labeled vdth a first component and with a quendier, 
the labels preferably bnng located at different ends of an at least partiaOy self- 
complementary probe. As a result of the secondary structure of the prober both 
5 components are in spatial vidnity in solution. After hybridization to the target nuddc 
adds both components are separated from one another sndi that after excitation with 
Ught of a suitable wavdeng& the fluorescence e^ 
" measured CUS 5^18.801)/ 

d) FRET hybridization probes 

10 The Fluorescence Resonance Energy Transfer (FRET) hybridization probe test format is 
especially useful for all kinds of homogenous hybridization assays (Matthews, J. Au and 
Rricka^L. J., AnalBiodieml69 (1988) l-25).Itischaract3eiizedby two singje-stranded 
hybridization probes yfAsich are used simultaneously and are complmentary to adjacent 
sites of the same strand of an (amplified) taj^et nudeic add. Both probes are labeled 
15 with d!;Gferent fluorescent components. When exdtedwilh light of a suitable wavdengO^ 
a first component transfers the absorbed energy to the second component according to 
the prindple of fluorescence resonance enei^ transfer sudi that a fluorescence emission 
* of the second component can be measured only when both hybridization probes bind to 
adjacent positions of the target molecule to be detected. 

When aimealed to the taiset sequence, the hybridiisntion probes must be located very 
close to each othn, in a head to tail arrangement. UsuoSy* the gap between the labeled 3' 
end of the first probe and the labeled 5' end or the second probe is as smaE as possibl^r 
ie. 1-5 bases. This allows for a dose vicinity of the FRET donor compound and the 
FBET acceptor compoundi wfaidi is typically 10-100 Angstrom. Particulars are weU 
known and disclosed fint example in BP 0 070 687. 

Altemativdy to monitoring the increase in fluorescence of the FRET acceptor 
component, it is also possible to monitor fluorescence decrease of the FRET donor 
component as a quantitative measurement of h'ybridization event 

In particular^ the FRET hybridization x^robe format maybe used in real time PGR, in 
30 order to detect the amplified target DNA. Among bH detection formats known in tiie art 
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of real time PCB« the FRET-hybridizalioii probe format has be^ proven to be highly- 
• sensitive^ exact and rdiable (WO 97/46707; WO 97/467l2j WO 97/46714)- Yet, the 
design of appxt;)priate FRBT hybridxsation probe sequences may sometimes be limited hy 
the special characteristics of tJbie target nucleic acid sequence to be detected. 

5 As an altemalive to the usage of t«vo BRET hybridization probes^ it is also possible to use 
a fiuorescent^labded primer and only one labeled oUgonudeotide probe (Bescnard, P. 
etaL, Anal» Biochemi 255 (1998) 101-7). In this r^axd^ it maybe chosen arbitrarily, . 
vriheffher the primer is hbeleditfithllie ¥BST donor or tlie VBET acceptor oompotmd. 

FKET hybridization probes (also called FRET-Hybprobes or HIET probes) can also be 
10 used for melting curve analysis (WO 97/46707? WO 97/46712; WO 97/46714). In such 
an assay, the target nucleic acid is amplified first in a typical PGR reaction -with suitable 
amplification primeis The hybridization probes may already be present dxiting the 
amplification reaction or be added snbsequendy. Afi;er completion of the FCR-reaction, 
the temperature of the sample is constitutive Increased^ Huoresccnce is detected as 
1 5 long as the hybridization probe is boimd to the target DNA. At tibe mdting tempemtnr^ 
the hybridization probe is released firom their target, and tbe fluorescent signal is 
decreasing immediately down to the bad^ound level. This decrease is monitored -with, 
an appropriate fluorescence versus temperature-time plot such that the negative of a 
first derivative fohction can be calculated. The temperature value corresponding to the 
20 obtained maximum of such a fooiction is then taken as the determined melting 
t^perature of said pair of FRET hybridization prob^. 

Point mutations or polymorphisms ^within the tai^t nucleic add result in a less then 
10096 complmientarity betiveen Hie target nucleic add and the FRET probes, thus 
resulting in a decreased melting temperature. This exiabl^ for a common detection of a 
25 pool of sequence variants by means of FRET-Hybprobe hybridization, whereas 

subsequmtly, difierent members of said pool may become discriminated by means of 
performing melting curve analysis. Instead ofFRKThybrdizationprobes, Molecular 
Beacons may alternatively be used for melting curve analysis. 

Upon the availability of Red-Ume and homogenous Real-Time PGR mdthig curve 
30 analysis, discrimination of certain types of spedes or strains became possible using 
either double stranded DNA binding dyes sucb as SybrGzeen*^, or, altematLvety, 
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* spedficaSjr deseed hybridization probes Ixybridizixig to dififereat but dxnilar taiget 
sequences. 

In the first case, mdtiiig teroperatwe of the gaierated double stranded FCR product has 
to be determined. Yet, this mediodhas only limited applications since diflfermces^ 
5 because minor seqpience variations ohljr residt in subtle melting temperature difierences, 
canm>t be monitored efficiently. A successfixl example has been disclosed by Woo et al.. 
Journal of Microbiology 35 (1999) 23-30, who perfinrmed aispHficatlon of Leptospira 
bifioa 16S rDNA sequences and subsequoit mdting curve analyris using SybrGreen™ I 
as a DNA binding dye in order to discriminate Leptospira biflexa strains firom non- 
10 specific amplification products originatii^ firom the DNA of dififerent Leptospira 
species. 

Altemativdy, hybridization probes maybe used in suchaiiva^ that the melting 
temperature of the probe/target nucleic add hybrid is being determinedL For example 
Espy et aL, Journal of CHnical Microbiology 33 (2000) 795-799 disclose diagnosis of 
15 HeKpes simplex infections by means of anqplifylng aHocpes simplex sequence and 

subsequent analysis using PRET hybridization probes to discdxhinate betwen the JiSV 
Tfpel and &e HSV TypeH genotype. 

Furthermore, WO 01/48237 suggests in general the connection of amplification and 
temperature dependent hybridization in order to detect difiGexent pathogenic species. 
20 Yet^ WO 01/48237 does not teach any methods or conditions which enable for an 
exdusive detection of pathogenic organisms^ but to not detect any non pathogenic 
m^anism* 

Even the presently used methods including in^vitro amplification of specific bacteriial 
species and subsequent deteetlon of said bacterium are not useful for cases where urgent 
25 diagnostics is needed, for escample in ICU, because for each bacterium an amplification 
reaction and a detection reaction have to be performed. This requires that a large 
amount of sample volume? such as blood, has to be drawn from each patient In ICIJ 
large sample volumes firom severely infected patients are not available, 

Thos^ thece is a need in the art to provide methods whidh are spedficaUy aj^licable for 
30 detecting relevant pathogenic organisms of interest. In particular, there is a need in the 
art for a method i«iiich enables for the detection of all rdevant paliiog^c Oram 
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positive bacteda but at the same time does not detect similar non*-pathogenlc Gram 
positive bacteria* Partiiciilarly there is a need to determine which pathogenic genus 
and/or species is present in a sample. 

Brief Deficc^on of the invention 

5 The problem disclosed above is resohred bjr methods and compounds disclosed and 
daimed in the present appficatlon. 

Thus, the present invention is directed to a method for identification of a Gram positive 
pathogenic oi^anism or a subset of organisms being a member of a predetermined 
group of pathogenic Gram positive bacteria in a clinical sample comprising 

10 

a) isolating a dinicd specimen containing at least partially purified nudeic add, 

b) subjecting said dinical specimen to at least one amplificalibn and detection 
oompxisiQg 

ba) an amplification step using at least one set of amplification primers capable 
15 of amplifying a pre-sdeccednudeic add sequence region from a predetemuned 

sub-*groi^ of pa&ogenie Gram positive bacteria to said Gram positive 
padiogenic organism bdongs». 

bb) a detection step usxog at least one hybridiation reagent cspsbU of detecting 
said pre-sdected nuddc add sequence region from said predetermined sub- 

20 group of patibyogenic Oram positive bacteria wherein said detection step bb) 

comprises steps 

bba) monitoring hybridiration at a pre-sdected' temperature, said 

hybridization being indicative for the presence in the sample of at least 
one spedes contained in said sub-groups and 
25 bbb) monitoring temperature dependence of hybridization, said temperature 

dependence being indicative for the presence of at least the spedes of said 
pathogenic Gram positive bacterium or said subset of organismsj 

c) identifying said organism or said subset of organismis based on the resqlts of the 
monitoring steps in bb). 

30 
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The pxesent inventioKi is also directed to cdmpo^tioiis suitable for perfonnixig the 
methods disclosed above. 

In addition, tbe present invention is directed to Idts suitable for performinf the methods 
disdosed above, 



5 Detailed description of the InvCTtion 

T^f^ piesent invention provides methods and confounds especially suitable for the 
diagnosis of a pathogenic in&dion of Gram positive bacteria. In this regard^ if a patient 
is sospected to hssva an infection of a Gram positive bacteiimn, the present invention 
provides a means to det^mine the spedes of said pathogenic Gram positive organism. 
10 Moreover, the new methods according to the inventions especially when combined vdth 
Real Time PGR technology sudbi as Li^tCyder^ system enable for a rapid diagnosis of 
an infectious agent causing sepsis, whidi is of outstanding importance in many dinical 
environments, 

Ihus, in general, the present invention is directed to a method for i dentifi c ation of a 
15 Gram positive pathogenic oi^anism or a subset of orgaxiisms being a member of a 
predetermined gpnsp of pathogenic Gram positive bacteria in a dinical sample 
comprising 



a) isolating a dinical specimen contaming at least partially purified nudeic add, 
20 b) subjecting said dinical specimen to at least one amplification and detection 
comprising 

ba) an amplification step using at least one set of amplification primers capable 
of amplifying a pr e-sdected nudeic add sequence r^on from a predetermined 
sub«>group of pathogenic Gram positive bajcteria to ¥diich said Gram positive 

25 pathogenic organism bdongs, 

bb) a detection step using at least one hybridization reagent capable of detectiog 
said pre-sdected nudeic add sequence rcgjkin from said predetemiined sub-* 
group of pathogenic Gram positive bacteria vdierein said detection step bb) 
comprising steps 

30 bba) monitorii^ h^ridization at a pre-sdected temperatnre, said 

hybridization beiog indicative for the presence in ttie »mple of at least 
one spedes contained in said sub-groups and 
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. bbb) momtoxing temperature dependence of bybxidisatlon, said temperature 
dependence being indicative for die presence of at least ^e species of said 
pathogenic Gram positive bacterium or said subs^ of organisms^ 
c) identifjring said organism or a subset of oxganisxns based on the results of the 
5 monitoring steps in bb). 

In the cont«t of fhe present Invention, the specific terms used above are defined as 
follows: 

The term identification of a pathogenic Gram positive organism"^ is used to describe a 
10 meitfaodto determine whecher a particular species or strain or isolate vrfihin a species 
contained in fhe pred^ermined group or subgroup of pathogenic Gram positive 
bacteria is present in the sample. The output or result of the identification is the name of 
the species or strain or isolate. This -will allow subsequently for an appropriate sdection 
of a selective antibiotic therapy, 

15 The te rm ^ledetennined group of pathogenic Gram positive bacteria'' is used'to 
describe a predefined group of pathogenic Gram positive bacteria consisting of 
pathog«ic Gram positive bacteria whidi are of interest for a particular task. Preferably, 
a pr^etermined group of Gram positive bacteria maybe the group of all pathogenic 
Gram positive bacteria^ which are dinically relevant imder given clinical circamstances, 

20 and the respective genomic sequences of wiiich to become amplified are substantiaUjr 
knovmintheart. 

For exampK fiuch a predeteimined group may comprise the clinically relevant members 
of tivo or more genera. Altemativdly, all known clinically relevant members of a certain 
genus may constitute such a predetermined group. Altemativdty^ aU known dinicaDy 
25 rdlevant members or strains or isolates of a certain species may constitute such a 

predetermined group. The predetermined group can also contain taaconomic sub-^groups 
of dififerent genora, mixed with strains firom other genera or species. < 

The term '^specific" is used to describe the characteristic of a subject (for example in 
methods, steps or reagents) that the subject is directed to only a particular and defined 
30 result For e^camplet, a me&od for the detection of a particular spedes is considered to be 
specific, if only tins species, but not other species are detected. Specific hybridization of a 



Einpf-zei.t:CI5/l?/5!QQ!? 16:1? 



6.rEZ.E002 16:26 PflTE3HTPBT. PM 



NR. 553 P. 17/^47 



10 



pibbe with a target is a hjfbridizatioiL vifaidi oaty occurs betM'een the probe and the 
target^ but oot villi other xmdeijc adds* 

In thi5 context, the overall method of the present invention is prefierably substantially 
^ecific regarding the identification of the organism. Organisms not beuQ^ a member of 

5 the predetermined group or subgroup are preferably not identified, because the steps 
perfexmed vrldi the reageats are adjusted to not detect organisms notbdongingto that 
gtoup^This does notnecessaxily mean that eaidhsing^ step of the overall method is 
specific/vihile this is posoble. For example, if the amplification primers are chose to be 
not specific for the oxgaaism to be identified (in that those primers can be used to 

10 amplify nudeic acids of organisms not to be identified), step ba) can be non-specific. 
Spedfidtjr of the overall mediod can then be achieved by sdiectlng one or more of the 
parts of the detection step to be specific, fer es^mple step bbb). By way of ex;emple, the 
present invention ranbrasses ^bodiment^, >vhere step bba) results in a positive signal, 
due to hybridization of the hybridization reagenti¥ith a nuddc add of a member of the 

15 predeteonined group and in addition to non-target nudeic adds in the specimen or/and 
amplified in step ba), but in st^ bbb) monitoring temperature d^endence only proves 
the identity of the spedes of tiie member of the predetermined group, ind^endently of 
the Identity of the non-target nudeic adds, 

^As a main advantage compared to methods known in the art, the present invention 
20 allows for the first time a sdective identification of the pathogenic members of a 
bacterial genus or a species, whereas other known, non-pathogenic members of said 
genus or said spedes are not identified. 

In this context it is important to note that in case a dinical spedmen to be analyzed 
contains a new, previously unknown stcain with a new, sli^tly diSering target sequence 

25 the new method according to the invention may occasionally lead to either a &Ise 
. positive or a &lse native result. In case an unknown non-pathogenic organism is 
amplified and detected, the result of step bba) will become felse positive. Ye^ in this 
case, the Mse positive result may become detected during step bbb) of the daimed 
method, i. e» the monitoring of temperature dependence of hybridization. In this case, 

30 comparing the ten^erature dependency of step bbb) to the temperature dqpendence of 
the known pathogenic organisms wifi show that die onanism does not belong to the 
species of the predetermined group, i.e. the result of step c) will be negative. In case an 
unknown pathogenic organism is either not amplified or not detected, the result is false 
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native. Yet according to all stadies on dinical isolates perfonned by the inrooton so 
these cases are very rare and» moieover» axe not avoided by any other comparable 
methodlmown in the arc 

The tena '^eAsxsca&asA sub-group of Gram positive bacteifo'' is used to describe a. 
S part or tbe v^hole of the predi^tenniaed group of pathogenic bacteria. FrdSeiably, the 
predetennined snbgroi^ b only a SDEiall part of aU patho^^ 

more preferably the bacteria predominantly bcouring in hospitals. The mfimbeis of the 
group and the subgroup can be chosen from one genus;» but can also be chosen from*' 
different genera. In case the predeteaxnined group is repc^ented by all pathogenic and 

10 dinically r^evant members of a genus, a respective sub-group may contain all respective 
pathogenic members of a certain species. Similarly^ if said predetermined group consists 
of all dinically rdevant members of a certain spedes, then the sub-group may consist of 
aU members of a specific strain. One very preferred subgroup consists of the species and 
strains of Staphylococcus aureus^ Streptococcus preumoniae, ifoterococcus fiiedum, 

15 Entmcoccns feecaliS;, Staphylococcos epidermidls and St^hylococcus haemolytiais < 
(called Qroup I), Anothier preferable subgroup consists of Staphylococcus aureus and all 
Coagulase-negathre Staphylococci; Another preferable subgroup consists of 
Enterocoocus &ecluu and Enterococcus Recalls, 

Hie term "amplification and detection reaction* shall mean any Idnd of in-vitro method 
ZO comprising one or more ^'amplificatio& stq^s* in order to amplify one or moK . 
sequences firom a pool of nudeic add sequences and one or more **dececfion steps" in 
order to unravel the identity of the amplified product. 

The term ^^amplification step" shall mean a reaction or a series of reactions that 
amplifies, a target sequence - if present in the dinical specimen - by means of usxng 

25 forward and reverse primers for a nudeic add amplificatiDn reaction firom a spedmen 
containing DNA. The specifidty of said amplification step depends upon the group 
sdectedandisgovemedbyifaespedfid^oftbeprimeisused amplification 
Is obtained by means of a poljnaierase rfiain reaction (FCR) usia»g a tfaennostable DNA 
polymerase. In one embodimenti the amplification is specific for bacteria generally; Le. 

30 viruses are not amplified in substantive amounts. 

Preferably, the amplification step is specific for the members of the subgroup. In a 
prefered embodiment^ amplification is specific to the genus to whidi the spedes to be 
identified bdong. 
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. TIiet3cnn"dctedion5tq>''slianixieanAattiieam 

means of hybddkatioxi vdth an appropmte hybiidizalioa reagent, Including monitoring 
temperature dependence of hybridization of said reagent to the target nucleic acid. 
Amplification and detection do not necessarily be separated and performed serially, but 
5 can be performed simultaneously. 

The texm *^re-5elected nuddc acid sequence region"* shall mean a distinct target nuddc 
add region present in the DNA of aUoi^Banismsintmded to b 

Depending on titie embodiment ^exe may esdst some sequence vamtlonfi bebveen the 
sequences of different organisms. In oliher Tvords^ it is alvrays the same gene or the same 

10 homologous sequence of each organism^ which is amplified. An example of such a 

region is the 16S/Z3S rDNA spacer region, Le. the r^on between the sequence codmg 
for the 16S and the 23S rRNA, or a part thereof. More preferably, the preselected nudeic 
add sequoice region contains at least a part of 20, even more preferred more than 40 
contiguous nudeobases from the 16S/235 spacer r^on of the oi^anisms to be 

15 Biqplififid. Thb region contains evolutionary conserved as weQ as hypervariable 

sequence^ which allow for a fl^exible desi^ of botfa^ genus and species specific pdmeis 
and probe. The n^ion Is contained vtfiihin the region defined by the primer binding sites 
on the nudeic acid, 

* Thfe^tefra ^pathoganacr' mfearis that the bacteriuih may affect the health status df a 
20 human bein& if that human bdng is infected by that bacterium. The gist of the 
invention is directed to the identification of bacteria causing sepsis. In this casi^ the 
predetermined group« 

The temi "set of amplification primers^' shall mean at least two (extendable) 
oligonucleotides or ohgonudeotide derivatives, L e. at least one (Ccwrward) prim«^ 
25 bmding to a first strand of the target nucleic add and at least a second (reverse) primer 
bmding to the opposite strand of the target riudelc acid sequence to be amplified. . 
Moreover, the positioning of the primers is designed in such a way that template 
dependent extension of each primer generates an extension product which itself 
comprises a primer binding site to which the other primer can hybridize. 

30 In most cases, it is sufiBdent to use a pair of tsvo amplification primers conosting of one 
forward primer and one reverse primer.' Yet, in some cases there may exist some minor 
sequ^ice variants in the sequences of the primer binding sites of different sequences of 
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di&rent pathogenic Gram positive bactetia to be identified. Ibos it may be impossible 
to amplify ihe sequence of all memb^s by just using one forward and onereireise 
pxxmer. F6t those cases^ a set of ampH&ation primers may consist of 1, 2, or more 
forward primers and/or 1, 2 or mora reverse prlmexs, ivfaich are similar and bind to 
5 homologous sequences, but di£Eer from each other by one, two, ti&ree or several 
. mononudeotlde-, dinudeotide- or txinudeotlde exchanges, deletions^ or additloxis. 

Moreover^ it is also within Ubist scope of the invention, if two, three or multiple sets of 
amplification primers capable of amplifying different pre-sdected nuddic acid sequace 
r^ons are used. In this case, said different pre^sdected nucleic add sequences may not 
10 necessarily be related to each other in sequence. Yet, it is also within the scope of the 
present invention^ if the different pre-sdeeted nudeic add sequence regions ore at least 
paxtiaUy or almost completely ovexkpping. 

In general, the desi^ of amplification pilraars is performed on the basia of awaUable 
sequence information with regard to due pre-sdected target nudcdc add sequence 

19 regions of the pathogenic bacteria to be amplified as wdl as with regard to the 
homologous sequences of those Gram positive and Gram negative bacteria, whidi shall 
not be amplified. More predsdys the set or sets of amplification primers are sdected in 
such a way that there is a maximum sequence complementarity with respect to all target 
nuddc add sequences of the sdected predetermined group of pathogenic Gxam positive 

20 bacteria, and^ on fiye ofi&erhand, a minimum sequence complementarity with respect to 
nuddc add sequences of all other non-sdected Gram positive bacteria and Gram 
n^ativebad3erla,Le. those not belon^g to the predetom^ ornotbdng 
paidiogenic, as wdl as fongL 

The term ^hybridization re^ent^ is used to describe a reagent capable of hybridizii^ to . 

25 products of amplification of step bb) within dxe presdected nuddc add sequence 
resgion; i.e. on at least one strand of the ampliconCs). The reagent can comprise one or 
more probes, whidiprejEerahly aresin^ stranded or are made single stranded prior to 
hybridization. Preferably the reagent is a single stranded nuddc add hybridization 
probe system, romprising usually one ox two nuddc adds which are capable of 

30 hybridizing to one strand of the double stranded amplified target nuddc add» 
Depending on the type of detection format, it is in most cases advantageous if the 
hybridization reagent is appropriatdy labelled with a detectable entity, sudi that by 
detection of said labd, the amplicon/hybridization-reagent hybrid can be detected. 
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In a preferred embodiment, tJie hybridization reagent is labeUed \vith a fluorescent 
entity such that hybridisation can be detected in commerciaUy available Real Time FCR 
instrumeats. Reagents usefol for this are disdosed in the documents mentioned above 
desciftna^ the difierent formats for the detection of amplified DNA. 

5 The hybridization recent in a simple case maybe an oligonudeolide probe. For 

example, the Molecular Beacon Bonnat (US 5,118,801) maybe applied. Altemativeiy, it 
Is also possible to use appropri^cte stngie labeled oligonudeotides (WO'02/14555). These 
— references are cited to incorporate their content reading reagents and processes of 
detection* 

10 More preferably, the hybridation reagent is composed of two adjacently hybridizing 
oligonucleotides, appropriately labdled ^udbi diat together they can. act according to the 
FRET*Hybprobe detection format as disdosed above (WO 97/467Q7; WO 97/46712; 
WO 97/46714). 

Furthermore, in this context^, the term "TRET pair' is defined as a pair of fluorescent 
15 labels that act together to create a FKET process, Le. it consists of a FRET donor moiety 
and a acceptor moiety. 

*^'*Similarto-the design of aset ofamplificatiQnprimers» the design of a hybridization 
reagent or multiple hybridization reagents is also performed on the basis of all available 
sequence information vnHHi regard to the pre-selected target nudeic add sequences to be 

20 amplified and detected as well as mth regard to the homologous sequences of those 
pathogenic Gzam positive bacteria, whidi shall not be detected. More precisely, the 
sequences of the Iqrbridization reagent(s) are selected in such a way that there is 
maximum sequence complementarity ivith respect to all target nudeic add sequences of 
the selected predetermined group of pathogenic Gram positive bacteria, and, on the 

25 other hand, a minimiini sequence complemehtadty \vith respect to all homologous 

nudeic acid sequences of all other non selected Gram positive bacteria or Gram negative 
bactma. 

In addition, the design of the hybridization reagent needs to take into account that a 
disGrimraation of several tai^et sequence variations is possible on the basis of 
30 monitoring temperature depend^ce of bybridizatlon.The present invention requires 
dififerent mdtjng temperatures for hybridization of a hybridization reagent to dififerent 
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target sequence variants origujaiing from different pathogesnic G«m positive bacteria. 
Tbns, the sequeacea of a hybridization reagent accordic^ to the invention are designed 
in such a way that die calculated rndtii^ tonperatures (calculated by methods Imown ir 
the art) of the different hTbridization reagentftarget sequence hybrids differ from each 
5 other by-atleast2''Qpreferd}lyby4Xandmostprefe»bIybyatleBst6°C. 

Sommarizin^ the anvEajiion provides a possibility for the design of sub-group, 
preferably genus specSSc hybridization reagmts, diaiactexized in that they detect all 
pathogenic members of a certain sub-group genus belonging to a certain predetermined 
group, Alternattvely, qpedes or strain specific hybridization rej^ents maybe designed, 
10 which allow for a detection of all pathogenic atrahis of a certain species beloi^g to a 
eeitahi predetermined group. . 

The term "monitoring temperature dependence of hybridization* shall mean that a 
characteristic of t3ie reacticm mixture is monitored for a certain period of time or in 
intervals as required for an intended accuracy of the assay, dumges with and is 
15 dependent on the dissociation of a hybrid. Usually, and in conjunction with 

hybridization assays using labelled prob^ the diaracteristic is a signal ^«flii«nr^ by the 
label on the probe and dtenged upota hj^ridization of the probe to an ampliconAtazget 

In ttna contest the mdting temperature CTm) of a hybrid is defined as the temperature 
at whidi the m ay ir mwn of a first derivative of the hybridization versus temperature 

20 signal plot is leacbed. The Tm is a characteristic ofa hybrid d^ending upon 
oon^kmentari^ of the strands. 

In the present invention, the annealing temperatore of the probe(s) is preferably lower 
tiian the melting temperature of the primers used. 

A diange of diaracteristics Witt particularly occur at the or around the melting 
25 temperature of each hybrid. The nudthig temperature is determined by tiie particular 
hybri^zatiim reagent and the cozrespondhig region at each target to which the reagent 
binds. In particular, in the method of the present iovention, the melting ten^eratme is 
detennhied, at whidi tiie probe is dissociating fiwm tike hybridization complex formed 
witii the target nud^c add/ampltcon. In this context, it is hnportant to note that the 
30 melting temperature (Tm) is dq>aiding on several fiictors independent &om tiie achial 
target nucleic add sequence itseLg such as salt concenfxation, length and GC-content of 
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the probe. Yet in aidditioxi, the melting temperature stroiigly depends on the number of 
mismatdies, i, e. degree of complementarity between the probe and the target sequence. 
As a consequence, di^ent melting temperatures are obtained for target sequences 
found in diferent strains of a distinct species or different species of a distinct genus. As a 

5 consequence, xisix^g an appropriate probe design, one type of hybridization reagent (for 
example one probe) maybe used for both the detection of aU menabers of apre-seiect»l 
group of organisms and the discrimination of said members by means of monitoring 
temperature dependence of hybxidiratlon. In diis case, a probe is used that has a 
' huideblide sequence oomplementary to a sequence on the target r^on of a first Gram 

10 positive pathogenic organism, (for example Enterococcus fitecium), but sli^tly di£Sarent 
(for example In 1 or 2 nudeotides) from the sequence on the target region on a second 
Gram positive pathogenic bacterium (for example Enter ococcus faecalis. 

The term ""indicative for at least one species contained in said sub-group'^.or '^.in said 
the genus^ shall mean that if a hybridization signal is occurring in step bba), then it can 

15 be conduded for step c) that a patho^c organism of said sub-group or said certain 
genusi respectivelyy maybe present in the sample collected from the patient. Dependn^ 
on the des^ (for example, the sequence) of the set or sets of amplification primers, and 
moreover, dqiending on the design of the hybridization reagent(«), a hybridization 
signal obtained firom the signal of a distinct hybridization reagent may evm be indicative 

20 * for the species of the pathogenic ox^anism to be detected. Preferably, the hybridization 
si^al determined from step bba) is unambiguously indicative for the presence of one of 
the members of the predetermined group, but does not necessarily directly allow to 
know which of the maabets is present 

The term "^dicathre for at least the spedes"" ahaU meanliiat on the basis of the result of 
25 monitoring temperature dependence of hybridization as monitored in step bbb) it can 
unamb^fously be concluded for step c) vAach pathogenic species is present in the 
clixdcal sample. Due to tKe design of the set or sets of amplification prinlers arid the 
design of the hybridization reagentCs), the data obtained from monitoring the 
temperature dependence of hybridization are indicative for the identity of a species or 
30 even a c^tain strain of the respective pathogenic organism. Bven if the specimen may 
contain non-target sequence similar or identical to the target sequence, they i/vill not be 
amplified aa the primers are not suitable for amplifying the non-target region. 
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The term subset of organisms' is used to describe a predetermined collectxon of spedes 
Tvfaich are aU members of the predetermined group and the predetermined subgroup of 
pathogenic Gram positive bacteria. Mostly, those organisms belong to one genus. An 
example of such group is the group of Coagidase native StaphjAococd (CoNS) vdiich 
5 contains Stapfa^ococcus qddermldis end Staphylococcus haemolyticus or the 
Streptococcus viridans group vAdch contains Str^tococcus miti$» Streptococcus mutans 
and Streptococcus bovis. The subset preferably contains less than 10, more preferably 
less than 7 spedes. The method of llie invention in the case of the identification of the 
presence of an organism present in said subset does not necessarily provide the result • 
10 ^icb spedes ofsaid subset is contrained in the dinicalsampk^ 

Summarizing, the invention provides a method for the identification of Gram positive 
pathogenic bacteria, wherein in a first amplification step using one or several 
appropriate sets of primer pairs sequences of aU pathogeanic Gram positive bacteria of 
interest are amplified and subsequently detected by sq»propriate hybridization reagents. . 
15 Due to an appiopriate primer and probe design, sequences of non-pathogenic Gram 
positive bactma or otber microbial organisms are ei&er not amplified.or not detected, 
or amplified, but not detected. In case hybridi2ation with a distinct hybridization 
reagent occurs, it is indicative for at least the sub-group or the genus of the Gram 
positive infectious agent. 

20 Subsequently, monitoring temperature dependent fluorescence is performed, for 

example in the form of subjecting the sample to a continuous increase of temperature 
and determining the temperature at tvhich metUng between tbe target nudeic add and 
the hybridization rea^nt occurs. The monitored melting tmiperature is then indicative 
for at least the spedes or even the sub--spedes or strain of the respective pathog^ that 

25 has been present in the origiaal specimen. 

Usually, the new method is specifically applicable and usefol under circumstances, 
wherdn it has been sho^ previously that the patient suffers from an infection due to a 
Gram positive pathogeuic bacterixmi, but the exact identity of said infectious agent is 
still unknown. 

30 Ind^eadently from the definition of the different steps of the method as daimed, it is 
understood that steps a), b), and c) are prdisrably performed subsequently one after the 
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. other, first step being step a), second step being step b) and third step being step c). 
Additional steps jnaybe pexfbnnedb^Ebre, between and after these steps. 

Starting material of the jnethod of the inrontiDn is the clinical sample, wbidi is 
aqspected to contaia a Gram-posithre baetenom. Examples of sudx dinlcal samples axe 
5 nvliole blood, serum and cer^tospinal fluid. Freferaibty the starting material is of himian 
ozigbi. 

St^a) isalwi^ done first and can bepe^imed acxording to methods knowif in the- 
art In this contact, a "clinical spedjooen" is understood as a specimoi, preferably a fluid, 
derived from the dinical sample containing nudelc adds, induding nudeic adds of the 
10 organism the identification is to be efifected. 

In order to achieve a soffident seoi fliviiy ib i detecting an infecfion, the method of the 
invention requires an at least partial pnxificalion of the nndeic add 6om the onginal 
sample. The swdeic add to be isolated can either BN A or DNA or a misctuxe thereof As 
the most preferably endiodiment of the invention uses bacterial DNA for the final 
15 identificatlQn of the pathogenic organism, it is not required that the dinical specimen 
contains KNA- Therefore, it is not necessary to partially or even completely Isolate RNA 
from the dinical sample. The isolation of DNA from the dinical sample should be as 
suJBWent and complelB as necessajy to receive a signal vdth a positive controL -•; ■ 

Farticulaxly, the nudeic adds axe separated from jptobasiS> Stagers and salts present hi die . 

20 origlndsampk. Any purification method knovm HI the art xn^ be used te the contest 
of die present faivention. Preferably, methods axe applied -which result hi an essentiafly 
complete purification of the i»tal DNA to be analyzed from other eomponoats of the 
dinical sample. At least, purification should be performed to sudi an extend that 
withbatany forUier substantial dflution, nudeic add sequent m aliqnots of Ae 

25 ^edmen can successfully be amplified in an in-vitro amplification, Sudi as PGR. In 

purification, any compounds substantially inhibiting polymerases axe removed from the 
nudeic adds. Particularly usefol methods of nudeic add isolation are disdosed in WO 
96/41811. 

The result of step a) usually is a fluid comprising nudeic adds from the original dhdcal 
30 sample and hi addition reagents added duxhig the isolation step, like bufera. In step b), 
die dinical specimen or a part thereof are subjected to one or more amplification 
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reaetioiis. The amplification and detection reactions can comprise one or more steps. 
Both, amplification and detection reactions are knomi in the art. The amplification • 
done using an in-vitro method, preferably PGR (BP 0 201 184)a In the following, . 
reference is made to PCR> but it is understood that other in-idtro methods are suitable, 
5 too. The result of ^ amplification reaction is tius production of a large number of 
extension prodndto of said primw^^ predominantly han^^ sequence reaching from the 
5^-tem&inal position of one primer to the ^'-terminal position of the other primer, 
lliose nucleic adds produced are usuaQy caUed ^anqilicons''. 

In order to avoid felse negative results due to inhibitory residual components "wbich may. 
10 be preset in the cHnical specimen and for quantification purposes, it has been proven 
to be particular advantageous^ if an internal control template is added. Usually, said . f 
control template comprises a knovni sequence with primer binding sites complementary. . 
to at least one set of amplification primecs iised for amplificati 

sequences to be detected. Cojasequendy, said set of amplification primers is also capable ; 
15 of priming amplification of said selected sequence of the control template. Details of 
using internal standards, particulaxly for quantification^ are disdosed in EP 0 497 784» 

Ithas proven to be advantageous ifthe method according to the invention is perf^^ . 
using an aliquot of a clinical specimen which has a volume of between 10 and 100 
Thus, the method of the present invention can be perfonned with a suffld^ 
20 smdtivlty, ifoniy a smaU amount ofadinicd sample sudi as whole blood or serum b 
available. 

Yet, eventualty» the results of llie inventive mediod or any otber method known in the 
art may become afiected by a h%|h bacbsround of human genomic PNA present in a 
dinical ^ecaroen. If this is the case, a pre-amplification step according to WO 01/94634 . 
25 may be performeds dbaracterized in that sdeciiveLy non-human DNA sequences are 
sdedively amplified. 

For step b) there arc both heterogenous and homogenous embodiments possible. In the 
heterogenous embodiment the reagents necessary for stq> ba) are added first and 
anv^lification step ba) is performed first. Subsequently, and optionally Indoding 
30 supplementation with additional detection res^ents, st^ bb) is performed. 
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In tiie h.ozxiog^ou9 embodiment whidb is U^ity preferred over the heterogenous 
embodiment, reagents for botih the amplification and the detection step are added to the 
specimen prior to tfie beginning of amplification stqp ba). In some case, step ba) and 
step bba) maybe performed in paralld, i e, monitoring of hybridisation is performed 

5 during amplification, in case of PGR during or after each or at least after several of the 
performed thermocydes. In this cas^ prefgrably said pre-sdected temperature of step 
bba) is usually ideutilcal or very similar to the annealing temperature of the PGR 
tbermocyding protocoL The annealing teroperature is the temperatnre at vrbich the 

• l^ridization reagent (for erampletheprbSe) taybridizK to its target (i,e. fh^ nudeic 
10 add to be ampHfied^ or/and the ampHcon formed in earlier extension rracdons). In 
order to adueve suifident spedfidty of the hybridization (i.e. to predorninantly detect 
sequences of the target), the annealing temperature is selected sudi that the probes 
predominantly anneal/hybridize to the target nudeic add(s)> but not to nuddc adds of 
organisms not to be identified. Means to influence the sdectivity of hybridization of 
15 probes to nuddc adds axe widdy knovm (length, GC-content and degree of 
complementarity). 

According t3o the present invention, the ampUficatjon step ba) and tiie detection step bb) 
are preferd^ly carried out subsequently in a homogenous assay format^ diaracterized in 
that tiie one or more hybridization reagents are dready present within the reaction 
"20 ' nuXfSre dunng ti^^ st^; In'other ^rards; amplificatibn'step ba) a:nd" ' - 

detection step bb) are carried out within the same reaction vessd and without addition 
of forther reagents between the steps. 

Yet^ dtemativdy it may be advantageous in at least some cases. If subsequent to die 
amplification stqi ba), the reaction nmcture is divided into at least two, three, four or 
25 severd sub-aliquots, Step bb) is then performed with at least the same number of 
different hybridization reagents, eadi in a difiBsxent reaction vessd. 

Step bba) is a step wherein the signd ofhybridized hybridization reagent is measured 
andidll be done as in conventiond homogenous nuddc add hybridization, particularly 
as ouSined zbwe for the different methods on La^lCyder. 

30 Stepsbba) aandbbb) are preferd:>ly done together in such a vmytiiat firsts th^ 

hybridization eveaot itsdf is monitored at a pre-sdected first temp^ature. Then, ihe 
temperature is continuoudy increased to at least tibe temperature at whidi the hybrid 
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containing the hybridization xieagent b 
for the hybrid is petfiixrmed. 

More precasely, subsequent to the amplification reaction, the PGR produce (in the 
presence of the hybridisation reagent) is denatured at a first temperature, for example 
5 90-100°C» and subsequently cooled down to a second temperature &Ad second 
temperature behig similar identicd to the annealing temperatuK 
protocol Then, the temperature is increased at rates betv^een 0,01-10°C/s, preferably 
0,l-2''Cys, and most pr^eTablyO,5-l'X:/s, 

The monitozing step bbb) preferably is pei&rmed once a sufiSdent number of cydes Cp 
10 were performed to amplify any target sequence present up to a level to be detectable via 
temperature dependence. That is usually coinciding with the amount of nucleic acid 
detectable Ifarouj^ probe hybridizatlocu Le. as soon as there is a clearly positive signal in 
stqp bba) measured, step bbb) can be performed. Cp is preferably between 20 and 40, 

In case hybridization is monitored during &e amplification reaction (nvhich is also 
15 called "Real Time"), performance of a melting curve analysis may be omitted, as long as 
it is not possible to find a hybridization signal at the pre-sdectedtei^ 

Step c) contains interpreting the results which have been obtained during steps bb). This - 
maybe done manually by interpretation of the results obtained. Preferably, the results 
are analyzed using computer proGrams which generate an output that clearly indicates 
20 wiietiier and n^diich Gram positivebacterium was present in the sample and thus may 
have caused tile infection. 

The interpretation is based on the correlation of the signals obtainedin step^ bba) and 
bbb) with values known from positive controls. The use of positive controls is also 
groerally known from the prior art A positive control is a nucleic adLd which is known 

25 to be preset in the specim.en or in an aitificijBfly prepared control spedm^^ 

example, the spedfidty of hybridization of tiie probe at the preselected temperature is 
used to determine whether any of the nucleic adds that could have been amplified by 
the primers in step ba) and whichbdong to said sub-group of Gram positive pathogenic 
organisms are present in the specimen* A positive signal (over a negative control) is 

30 indicaiive of the presence of a species bdonging to said sub-group (step bba). even if the 
identity of said spedes is not detemiined from said step bba). 



I 

6.DEZ.2002 16:32 ^fcPfiTEWTfiBT. PM MR.5B3 



^j^TENTRBT. PM 



22 



The temperature dependence of hybridizaticm is tised for identification of the species 
present in tiie specimen. By this step, it is determined to vfbich species of said siabgroup 
said organism, the general presence of which Is determined from step bba, bdoz^s. For 
^ample^ its mdtiB^ temperature is indicative of a nudeic add of a particular species. 
5 Therefore, the presence of a predetermined species in the actnal sample can be verified 
by the occurrence of e change of signal when the melting temperature of Ibe hybrid of 
Ihe terget ^th the hybridization reagent is reached. 

* In a first specific ^bodiment, the pf edetennined group of pathogenic Gram porftive 
bactma comprises 2 or more oflliefonowlng species and strains. 

10 Staphylococcus aureus, Streptococcus preumoniae. Streptococcus pyogenes. 

Streptococcus agaladiae, Streptococcus vuidana groiq* (S; mitis, S- mutans and S. 
bovis), Enterococcus faecimn, Enterococcus :&ecalis. Staphylococcus epideimidis and 
Stapfajdococcus haemolyticus (called Group I), 

Preferably, such a method does not substantially detsect any other pathogenic and non* 
15 pathogenic organism, preferably it does not detect the following species and organisms; 

Escherichia coli, Klebsidla pneumoniae, Kld?sie!lla oxytoca, Serratiia marcescens, 
"~ Eiltfi*bbact« dbacaj^'-EiitCT^ mirabilis, Proteus vulgaris,' 

Fseudomonas aeru^osa, Acuietobacter baumannii, Stenotrophomonas maltophilia, 
Candida albicans, Candida tropicalis, Candida parapsilosis, Candida krusei, Candida 
20 glabrata, Aspez^llus fiimigatus (called Group II). 

. Most preferably, such a meAod detects a group of organisms consisting of all species of 
Gnrap I, but does not detect any of tihe organisms beloriging to Group n. 

In a second specific embodiment, flie predetermined group of pathogenic Gram positive 
bacteria comprises die species and strains of Enterococcus &ecium and Enterococcus 
25 fiiecalis, but does not detect any organism of Group II, 

In a third specific embodiment, the predetermined group of pathogenic Gram positive 
bacteria comprises die spedw and strains of Staphylococcus aureus, Staphylococcus 
haemolyticus and Staph^ococcus epidennidis, but docs not detect any organism of 
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Group n. The organisms to be identified art S. aureus (a spedes) and CoNS (a subset 
vdtbout di£EbEeiitiating b^vraoKi the species)* 

This r^ion contains evolutionary conserved as well as hypervariable sequences, which 
allow for a flexible design ofboth, genus and species specific primers and piobes. 

5 Thus> the present invention is also directed to methods for the detectioti of path^Effnic 
Gram positive bacteria as disdiosed above, wherdo at least one set of amplification 
primers according to SEQ JDITO 1 and 2 (Enterococcus) and SBQ JD J4fO. 7 and 8 ( 
StaplqdoGoccos) are used. 

Furthermore, the present invention provides compounds and kits which maybe used 
10 for identifying pathogenic Gram positive bacteria by means of amplifying and detecting 
irs^l sequences according to methods as disclosed in the present invention. 

In one aifpec^ the present invention provides a composition comprising at least'a set of 
amplification primers, as defined abovi^ prefisrably having secjuences according to SEQ, 
ID. No: 1 and Z (EnUxococcos) or SEQjn?.KO: 7 and 8 (Staphylococci 

15 In a second aspect^ tifcie present invention provides a imposition fortha comprising at 
least two pairs of FRET hybridization probes, whwein said two pairs are selected from 
the foUov^g group of FRET pairs 

$EQ.ID,N0.3and4 
SBQmNO.SandS 
20 SEQJD.no. 9 and la 

In addition to the ingredients disclosed abov^ compositions according to the invention 
may conxprise one or sevenl otbsg compounds and reagents selected ficom the following 
list; 

Buffisr, applicable for a polymerase chain reaction 
25 - Desoxynudeoside triphosphates 

Template dependent DNA polymerase;, preferably thermostable, 
each separatdy or in conibination. 
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Furrier in additioxiy sadiacompodtlQa mayfiuther comprise a^^ at least paxtially 
purified nuddlc add, ^odildb may e^g. be oii^ated from a dixsical specimen andbecome 
subjected to wy of the mediods according to t3ie present invention. 

In one aspect^ the present invention provides a kit comprising at least one set of 
5 amplification primers, said primew having oligonudcotide sequences according to SEQ. 
ID. No: 1 and 2 (Enterococcus) of 5EQID-NO. 7 and 8 (Staphylococcus). 

In a second aspect^ the present invention provides a Idt comprisii^ at least Wo FRET 
hybridization probes, vrhordn said hybridization probes are capable of hybridizir^ to 
amplicons created by amplifying at least 20 nudeotides of the 16S/235 rSNA spacer 
10 repon of any paliu^enic organism of any of genera Ent^coccus, Staphi^ococcns and 
Stnqptococcus. 

In addition to the ingredients disdosed above, kits according to the Invention may 
comprise one, or several other compounds and reagtents sdected from the (bUowing lists 

Buffer^ appficable for a Polymerase C3iain Reaction 
15 - Desoxynudeoside triphosphates 

Template dependent DNA polymerase preferably thermostable 

Eadi of the components disdosed above may be stored In a single storage vesssd. Yel^ 
any combination of components for stor^e witiiin the same vessd is possible as wSL 

20 FurOi^more, sadix a kit may also comprise software tools sudi as compact discs carrying 
computer programs for qualitative or quantitative analysis of the data obtained by the 
daimed method. 

The invention di£Eers from prior art bactserial assays in that the known a^ays only 
provide information on one particular spedes or strain (conventional method for the 
25 detection of the presence of a particular oiganimi in a sample), the reagents of the 
invention are suitable for and used for the potential identification of two or more 
spedes, while in paraOd indicating whether any of them (irrespective whidi oi^anism) 
isj^ent 



e.VEZ.WdZ 16:33 



PflTENTfllBT. FW 



• 



NR.5S3 



P.32/-47 



10 



15 



List of Refoences 

EP 0131 052 
EP0452 596 
WO 97/46707 
W0 97/46712 . 
Wd 97/46714 
EP0512394 
EP054394Z 
US 5,210>015 
EP0070687 
EP0201 184 
EP0497784 
WO 01/94634 
WO 97/07238 
w601/4^7 
WO 02/14555 
US 5,118,801 

Klans^ger et aL, Journal of Qimcal Microbiologjr 33 (1990) 464-466 . 
Woo et aL, Journal of Microbiology 35 (1999) 23-30 
Esp7 1£ sL, Jownal of Ouiical Microbiology 33 (2000) 795-799 
UaH&sms, J, A. and I^dsa, L. J., Anal Blodiem 169 (1988) 1-25 
Bernard, F. 5., et aL, Anal Biocbem 255 (1998) 101-7 




6.DEZ.20B2 16:33 



PfiTETfTflBT. PM 



NR. 553 P. 33/^47 



26 



Hie foBawing examples, references, sequence listing and figures are provided to aid the 
understanding of the present invention, the true scope of which is set fiwth in the 
appended ddms. It is undejnstood that modificatioiis can be made in the procedures set 
5 forth without departing from the spirit of the invention. 



10 



All oligonudeotides mentioned herein w^ prepared by chemical synthesis. The 
reagents for attacking labels can bQ purdiased from Roche Diagnostics GmbH 
(Li^rtCyder Red 640 NHS Ester Cat.No. 2015161; tightCyder Red 705 
Phosphoraniiditae Cat No. 21573945 tigJitCyder Fluorescein (abbreviated 'F in the 
following) CPd Cat. No. 3 113906). The use of those reagents is described in Biocheroica 
No, 1 (2001), p, 8-13. 



All reagents need to be dxed:ed for contamination by the organisms to be detected, Only 
reagents free of those organisms and the nudeic acids originating therefrom can lead to 
15 an optimum sensitivity, 
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Enterococcus . 
A. 

Primers 

SEQmNO. It 
SEQJD.no. 2: 



Materials 



5*-tac ttt gtt cag ttt tga gag gt-3* 
5*-gca att gaa ctt att aaa aaa ds-3^ 



Forward primer 



25 



Probes 

SEQ JD.n6. 3: 
SEQJD.no. 4: 
SEQ-ID.no, 5: 



LCR640-5* acc gag aac acc gcg ttg aat-3* Anchor Probe 
5*-c1ggatattgaagtaaaaagaatcaaaac-3*-F Sensor Probe 
5*-gat att tga agt aaa i^t a^ taa t-'3'-F Sensor Probe (for 

target and for IC) 
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Positive control (PC) 
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LCR705<-5^-ccagcagaal;gccaaccaco-3^ Anchor (for IC) 



5 pEfi^jwtl 
pEfiinvjwt2 

10 Intenial control (IC) 



plasmid based on pTSTTBM containing Rfeecalis 16S/23S- 
rBNA-^cer region 

pIa5midba$edonpT3T7BM containing E.faecium I6S/23S- 
rKNA-qiacer r^on 



pEateroJ[CZ 
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plasmidbased on pE&_wtl but SBQ.ID,NO. 3 complement 
sequence r^Iaced by complement sequence of SBQ JD J^O. 
6. . 



Hardware / Software 

LightCyder™ 1^ (20fil capillaries) with Software version 3 J (Roche Diagnostics 
GmbHji Gennany) 

20 Rea^gents ... . . 

1 FastStart polymerase 



25 



30 



MgCIa 3.5 mM 

Pzzmers * 0,5 pM 

Sensor probes 0^|iM 
Ancbor probe OJ|iM 
Sensor probe (IQ) 0.2 fiM 

3 PCR-grade H2O (purified to be free of cross-contaminatis^ nudeic adds and 
amplicons of earlier amplifications) 

FastStert polymerase and FastStart Master are generally used as recommended in the 
LightCyckr-FastStatt-DNA Master Hybridization Probes Kit (Roche Diagnostics GmbH 
CatNo. 2239272) 
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Samples Bie either 

a. plasmid DMA. coataining the ^ropriate binding sequences ftw pximen and probes 
5 or 

b. preparations of bacterial DMA (e.g. frombactetial cuteure). 

The saniples ^articoilarljr disical san^les) -were subjected to a senile pr^aradon in 
^ch the nudeic adds nvere rdeased and purified from the other componentB of the 
10 sample. This vas done «wfaigM»gNAP«re™W: and MagNAPurelX^IW 

m (bacteria. fiingi)CRoehe Diagnostics GmbH, Germany, Cat No. 3 264 785 ). The 
sample preparation yidded in a spednwn containing the nuddc adds in dution buffer. 

IC is processed -witJsin the sample preparation (eg, by MagNA Pure) or added to the 
15 cozqpleeed mastennix (seebdow) dependent on -wether it is intended to be an in- 
process control either for the sample pr^aration procedure or fiw Li^tCyder assay 
perftirmance in each capillary. The signal from the IC is detected in dwmnd F3 of the 
LightCydex instrument. 

20 -Bi-— "Method ™ - - l - - • - - - 

First all components of the FastStart mastemmc fertile 32 capillaries of the vrtiole rotor 
-were mixed together. 

An aliquot of ISpl of Afi mastennix was then pipetted into eadi capillary. In the case 
25 iirere the ICWM used as a control for fliePCR the IC -was added to the mastemnx. 
Altemativdy, tie IC was spiked to the MagNA Pure LC l]r8isA>inding buffer and co- 
processed with the ^edxnen. 

To a first of sudi capiOades coolainii^ the mastermix 5 (d of a positive control sdntion 
mntafatng a comUnalion of two plasmids with sequence spedfidty for SBQJD.NO. 3 
30 and 4 or SBQID J^O. 5 and 3, xespeetivdy, was added. 

To a second capillary a j^egatiye contror in the form of 5jj1 water was added instead of 
a sample or podtiv* control Hie „negiti.ve control also contained the IC for in-process 
control. 

After &e positiv and negativ controls hadbeen capped the samples (eadi a volume of S 
35 |d) were added to other capillaries. 
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After capping the temaining capillaxies a XightCyder-run "was performed usin^ the 
foUbv^g profile: 









time (sec) 


Temp (°G) 


Sloi 


5 


Denatmation 


1 


600 




20 




Amplificatioa 


45 


10 


95 


20 








15 


50 


20 








10 


72 


20 


10 














Mdtii^caive 


1 


60 


95 


20 








60 


40 


20 








0 


80 


0.1 


15 


Cooling 


1 


30 


40 


20 



C Results 

20 Analyses were performed in the IdghtCyder as above, E&ecium and Efsuecalis sampler 
showed quantificatiDn curves and melting peaks in diannd F2 at 54,5''C and SS^S'^Q 
respecdvdjr. Most other Entierococci spedes were not detected Some rare spiecies (e.f . 
E.dmaaifi, B. hirae, Bjnundtii) got a melting peakat lower temperature (< 46°C). 
Thererfore, the spedies to be detected (E. faechun and E. fiiecalis) coold be distilnguished 

25 firomeadi other and aU other Enteroeoccus species prcs^^ 

determined by the diformg melting temperatures. We found a lower detection limit of 
at least 10-20 genome equivalent per FCEL 

TbB PC (mixtiire of pEfisjwtl and pEfomtJwtZ ) showed a quaatification ourve anda 
donble peak wfaidi resulted from a combination of the B. fiiediun and E. feecaUs spedfie 
30 peaks. 

The IC allowed die detection in case vdiere there was no qiedfic sample present. It was 
not detectable in excess of E.&ecali5 or Efaedum template DNA. 



Example 2 

35 
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Stgphvkicoccu8 
A. 

Pzimers 



Materials 



5 SBQ.ID.no, 7; 
' SEQ.ID.no. 8: 



5'*-tgt aca ttg aaa act aga taa gta 
5 -acg cgt tat taa tct tgt gag 



Forward primer 
Reverse primer 



Probes 

10 SEQJDJSfO.9: 
SEQ.ID.no. 10: 
target and fin: IC) 
SBQ.ID.N0.6: 



LCR640*-5-gct tga att at aag aaa taa Xit>V Anchor Probe 
5*-ccg agt gaa toa aga get tta aa-3^-F Sensor Probe (for 

LCR705-5^-<ca gca gaa tgc caa cca Andior (IC) 



15 Fpsit£vBrantrolCP^^ 



PStapliLjwt 



plasmid based on pT3T7BM containing S. aureus 16S/23S- 
rBNA-spacer region 



20"^ 'InterisAt cdnlrbl (IC)^ 



2S 



plasmid based on FStaph _wt, but complement sequence 
SEQJD^O. 9 replaced by complement sequence of 
SEQJD^O. 6, 



Bardwaxe / Softwaxe 

li^tCjnler™ 12 (20pleapiIlaiies)^1hSoftvraie version 3.5 (Roche Dia|;nostics 
GmbH* Gennany) 



30 

1 FastStart polymerase 

2 FastStart mastennix containing: 

Mgds 33mM 

Fximeis 0.4 |iM 

35 Probes 0^ 
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Sotsox probe (IC) 0,1 jiM 

3 PCR-grade H2O (puxified to be free of cross-containinating nudeic adds and 
ampUcoiis of ealier amplijScatioxis) 

5 FastStart pofymmse and FastStart Master are geoierally used aa recommeaded in the 
IightCyder-FaBt5tart--DNA Master Hybridization Probes Kit (Rodie Diagnostics GmbH 
CatNo; 2239272) 

Samples 

10 

Samples are dther 

a. plasmid DNA containing ibe appropriate binding sequences for primers and probes 
or 

b. preparations of bacterial DNA (e»g. from bacterial cuhare). 

The samples (paiticularly dinical samples) were subjected to a sample preparation in 
wbidi the nuddc acids were released and purified from the otter compoiients of the 
sample. This was done using MagNA Pure** LC and MagNA Pure LC DNA isolation kit 
ni (bacteria, fungi)(Rodie Diagnostics GmbH, Germany, Cat No. 3 264 785 ). The 
20 sample preparation yielded in a specimen containing the nudeic adds in dution bufier^ 

IC is processed within the sample preparation (e.g. by MagNA Pure) ox added to the - 
completed mastennix (see below) dependent on wether it is intended to be an in- 
process control either for tilie sample preparation procedure or for LightCyder assay. 
25 perfonnance in eadi capillary^, The signal from the IC is deta:tjed in diannd F3 of the 
ta^btCyder instrument. 

B. Method 

30 Krstall components of thePastStartmastermKfor the 32 capillaries of ^ wholerotor 
were nwasd together. 

An aliquot of ISpI of the ma«tennix was then pipetted into each capillary. In the case 
were the IC was used as a control for the PGR ike IC was added to the mastermix* 
Altemathrdy, die IC was spiked to the Ma^APure ly$^ 
35 processed with the spedmeu. 
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To a first of such capillaries containing the roastermix Spl of a positive control solution 
conteining a plasmid witt a sequence specificity for SEQJD.NO. 9 and 10, respecdvely, 
was added^ 

To a second capillary a ^negative control" in the foim of 5pl water wa5 added instead of 
5 a sample or positive control The ^negative control also contained the IC for in-process 
controL 

After the positiv and negativ controls had been capped the samples (eadi a volume of 5 
|il) were added to other capillaTles^ 

After capping the remaining capillaries a lightCyder-nm was performed using the 
10 following profile: 





Cydss 


time (sec) 


Temp ("C) 


SlopeCC) 


Denatniatloii 


1 


' 600 




20 


15 AnxplificBlton 


45 


10 


95 


20 . 






15 


50 


20 






10 


72 


20 


Mdtmg curve 
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60 


95 


20 








—40 


20 






0 


80 


0.1 


Cooling 


1 


30 


40 


20 



25 

C Resahs 

Analyses -were performed in liie LightCyder as abovE, S. aureus and Coagulase-negative 
Stsphjilococcl (called CdNS) samples showed quantifiestion curves. MeLting peak were 
30 observed in ciwanel F2 at about 55*0 (5. aureus) and 48-48«C (CoNS), respectivdjr. We 
foundalowor detection limit of at least 10-20 gQv>me equivalent per FOEL 
The PC showed a qmmtification curve resembling the 5. aureus quantification and 
meltbagpeak 

The IC allowed the detection in case -where thwe was no specific sample present It was 
35 not detectable in excess of Staphylococcus template DNA. 
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1* MeiSiod for identification of a Gram positive pathogenic organism or a subset of 
organisms being a member of a predetermined group of pathogenic Gram 
positive baccezia in a clinical sample comprising 

c) iwlating a clinical specimen containing at least partially pur^ ; 
add, 

d) subjecting said dinical specimen to at least one ampti^ 



10 

ba) an amplification stqp using at least one set of amplification pzimers 
capable of amplii^fing a pre-sdeeted nndeic add sequence region from a i 
predet^nnlned sub^oiqp of palihogenic Gram positive bacteria to vifaich 
said Gram posithre pathogenic oxganism bdongsf, 
15 bb) a detection step using at least one hybridization reag^t capable of 

detectii^ said pre-selected nudeic add sequence region from said 
predetemiined sub-group of pathogenic Gram positive bacteria where&i 
said detection step bb) comprising steps 

bba) monitoring hybridization at a pre^sdected temperature^ said 
20 hybridization bdiog indicative for the presence in the sample of 

least one spedes contained in said sub-group, and 

bbb) monitoring temperature dependence of hybridization, said 
temperatore dqvendence being indcative for the presence of at 
least the spedes of said pathogenic Gram posithre bacterium or 

25 said subset of organismsy 

c) identi^^g said organism or said subset of organisms based on the results 
of the monitoring stepa in bb). 

2. A mettiod according to daun 1^ wherdn said sub-group is a gmus. 

30 

3« A method according to any of daims 1 and 2, wherein the hybridization reagent 
comprises two probes complementary to adjacent sequences in the target nuddc 
add sequence region, one being labelled by a FRBT donor, and the other being 
labelled by a FKBT acceptor. 

35 • 
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4^ A method according to any of daim 1 to 3, wherein said predetennlned group of 
pathogenic Gram positive bacteria comprises the species 

5, A method according to any of daims 1 to 4> wherein the predetenuined 
5 subgroup comprises the spedes Staphylococcus aureus. Streptococcus 

preumoniae^ Enterococcus feedum and Enterococcus fkecells. 

6, A method according to any of daims 1 to 5, wherein the presdected nudeic add 
sequence re^n comprises at least 20 nudeotides of an rBNA spacer region. 

10 

7, A mediod according to exiy of daims 1 to 6, wherein said amplification and 
detection is done homogeneously^ 

8, A xnethod according 1» any of daims 1 to 7, wherein said spedes are sd^ 
15 from the genera Staphylococcus^ fiaterococcus and Streptococcus. 

9, A method according to any of daims 1 to 7, wherein said spedes are sdected 
from one of the gaaera Staphjdococcus, 

20 10. A at for the identification of a Gram positivE pathogenic bacterium selected 

firom the genera Enterococcus, Staphylococcus and Streptococcus containing a 
set of primers capable of amplifying a sequence of at least 20 nudeotides from 
the 16S-23S rKNA spacer region of Biterococcus, Staphylococcus and 
Streptococcus, respectjvdy. 

25 
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5 <U0> Xtobto Diagxxostica GmbH 

i;120> HetXiod £or the del^ection of patHagenia Gram poBitilve Bacteria 

10 

<130> 21518 BP 

<160> 11 

20 

^170> Patenun version 3^1 

25 <zxo> 1 

<211> 23 

<212> .DMA ' ...... 

30 

<213^ Bnt^orococcT&B 

35 <4Q0> 1 

tactetg^tci agtiturgaga ggti 
J23 

40 <210;> 2 

<;211> 24 

<2i2?i 

45 

<:213;> BatsaroGOGCus 

50 <40Q> 2 

gestattgaac crattaaaaa acta 
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<210> 3 

5 

<2ax> 21 

<212> ISHA 

10 <213> EnteroeoeeuB 



<40p> 3 
15 acogagaaca cogcgttgaa t; 
21 



20 



<210> 4 
<2X1> 29 

25 «:2139- l^tieroeoceus 



c:400> ^ 4" 

30 cfsggaiiattig aa3i:aaaaag aaecaaaac 
29 



35 



<210> 5 

<zrx> 25 

<212> tfSt^ 

40 <2l3i» Control 



<400> 5 

45 gatactitgaa g^aaatrgtaa gtaat 
2S 



50 



<210> 6 
<21X> 20 
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• <212> -Dim 
<;213> Ccmerol 

5 



ccetgcasraat gceaaecacc 
10 20 

';210> 7 

15 <211> 26 

<212> D(N2W 

<213> StapihyleeoeGus. 



t:gi:acatt;ga aaact:aga^a agtaag 
25 26 



<210> B 

30 <2T1> 22 

<212> QNA 

s2 13 p Stapbyloeocous 

35 



<4po> a 

aegegttatt aabctregtga gli 
40 22 



<210> 9 
45 <211> 23 
<2X2> JSHZk 



«;213> StiaphyloQQCQua 

50 



20 
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<4.00> 9 

ge^tgaat;t;e atuaagaaat:a ato 
23 



<2X0> 10 

<2X1> 23 

10 

. <212> lasA. 

<213> ataphyloeoooues 



5 



15 



<400> 10 

ccgagtgaat a.aagagtttli aaa 

23 •»* . 



20 



«;2M> 



11 



25 



<212> 



<2I3p> 



Conbrol 



30 



<M0> IX 

ccagGagaal: geaaaceacc 



20 
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Abstract 



The present invention is directed to a method for identification of a Giam positive 
pathogenic bacterium comprising (a) an amplification step mth at least a first set of 

. 5 amplification primers capable of amplifying a presdected nucleic add sequence region 
from a first predetemiined sub-^oup of pathogenic Gram positive bacteria, (ab) a 
detection «tep with at least a fitesthybndizationreagwtcapable of specific 
a presdected nucleic add sequence r^ion from sudd first predetermined sub-groap of 
pathogenic Oram positive bacteria, said detection step comprising steps (aba) 

10 momtorini^ whether hybtiducation has occurred at a preselected temperatnxe» said 
occurrence of hybridization being indicathre fiir at least the genus of apathogenlc 
onanism present in t]ie sample, and (abb) monitoring temperature dependence of 
hybridissation^ said tenxperatqre dependence bdx^ indicative for at least the species of 

15 
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